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THE EFFECT OF SPACING ON THE YIELD-PROTEIN 


RELATIONSHIP OF WHEAT AND BARLEY 


A. Ae Guitard 
INTRODUCTION 


Generally speaking, the most important agronomic 
characteristic of cereals is yield. At present it is 
necessary to use much land and labor over a period of six 
to seven years from the initial head selection to the reli- 
able determination of yielding ability. If it were possible 
to devise a method of eliminating the low-yielding selections, 
or at least a large percentage of them, prior to the yield 
trial stage, the work of the plant breeder would be greatly 
facilitated. 

Grant (6) found that a strong negative relationship 
exists between yielding ability and protein content for both 
wheat and barley. From this he concluded that protein content 
can serve as a valuable criterion in the selecting or dis- 
carding of certain strains from early=generation hybrids of 
wheat and barley. It was his opinion that protein determina- 
tions could be made on head-row material of all strains 
which had been selected on the basis of a few agronomic and 


morphological characteristics. Then, in the case of hard red 
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spring wheat, keeping the negative yield=-protein relationship 
in mind, approximately 15 per cent of the selections showing 
the highest protein content could be discarded since their 
yielding ability would in all probability be low. Approxi- 
mately 15 per cent of the selections having the lowest pro- 
tein content could be discarded for this characteristic alone. 
With slight variations, depending on whether high~yielding-~ 
low=protein or NOSSO TIPE en See yee were 
desired, this method of elimination could be used equally 
well on other cereal crops. 

If this method of elimination is possible a consider=- 
able saving in land, labor, and time could be effected. This 
would be accomplished by reducing by 30 to 40 per cent the 
present number of selections carried up to and through the 
yield trials. 

The desire for a critical examination of some of 
the factors that would enter into the use of protein content 
as an indication efeyietainc ability in early-generation 
hybrids led to the instigation of this study. The main object 
is to examine, at least in part, the feasibility of using 
protein content of head-rows or even individual plants as an 
indication of the yielding ability of selections. Of a 
secondary nature is the Ubeibakekt ue. of the correlation and 


regression values obtained by Grant (6) for wheat and barley. 
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LITERATURE REVIEW 


Yield has been considered a major agronomic charac- 
teristic of cereals since the time man took his first falter- 
ing steps toward crop improvement. Protein content, as a 
measure of cereal quality, is of a far more recent origin 
and it is only within the last 45 years that the relationship 
between yield and protein content has become known. For the 
greater part of this period it has been considered an interest- 
ing but hardly important association. However, since 1950, 
the importance of this relationship has been more widely 
recognized. 

EHarlier workers emphasized the effect of environ- 
ment, soil heterogeneity, and climatic conditions, upon the 
association of yield and protein content. Not until very 
recently have studies been made of the yield-protein relation- 
ship of numerous segregates from a single cross. Pontodtoaiy 
studies of the effect of cultural treatments on yield and pro- 
tein content have been conducted. There have also been a 
limited number of studies carried out on the yield=-protein 
relationship of single plants of a variety. 

As studies of the relationship between yield and 
protein content have Beek reviewed in full by both Berg (2) 
and Grant (6) it seems hardly necessary to give the details 
here. In general, the conclusions were that there is a 


highly significant negative correlation and regression between 
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yield and protein content for both wheat and barley. In most 
studies the correlation between yield and protein content 
became stronger as moisture decreased. However, because of 
its significance to this study, some mention of the work of 
Malloch and Newton (8) will be made here. 

Malloch and Newton (8) tested the relationship 
between yield and protein content of a single variety as 
affected by soil variation. During two consecutive years a 
field that was level and showed no visible soil variation 
was sown with Red Bobs wheat. Prior to harvest 50 eighteen=~ 
foot rows were cut at random from the field. Yield was 
found to be more variable than protein content. The protein 
content varied more in 1950 than itdid in 1931 and the yield, 
on the other hand, showed more variation in 1931 than it did 
in 1930. The authors concluded that single plots are unreli- 
able for making varietal comparisons of yield and protein 
content. 

The yield-protein relationship of selections from 
the same cross has been studied by both Berg (2) and Grant 
(6). Grant, working with 100 random selections of a Bunyip 
x Dicklow cross sown at two stations during two consecutive 
years, obtained the following yield=-protein correlation co- 
efficients: on gray soil, -0.666 and -0.641; on black soil, 
-0.806 and -0.527. The corresponding regression coefficients 
of protein on yield were -0.091, -0.079, “0.055, and -0,.048,. 


For similar experiments with 100 selections of a barley 
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eross, Trebi x Peatland, on black soil during two years he 
obtained correlation coefficients of -0.555 and -0.761 with 
respective regression coefficients of -0.044 and =-0.066. 
Berg, working with 48 winter wheat selections from the cross 
(Bankuter 178 x 3922)x Aring obtained a correlation coeffi- 
cient of -0.474 2 9,113 for yield and protein, with a regres- 
sion coefficient of 0.00088 (approximately -0.060 when based 
on yield in bushels per acre). The correlation coefficient 
obtained by Berg is slightly lower than those obtained by 
Grant (6) for both wheat and barley. However, all correlation 
coefficients are comparable in that they are negative and 
highly significant. Both Grant and Berg obtained highly 
significant negative yleld-protein regression coefficients 
for their tests. The coefficients agree very closely as to. 
magnitude despite the fact that Grant used random selections 
from a cross while the strains ase! by Berg were the product 
of rigorous selection for high protein content. 

The association of yield and protein content as 
affected by variations in cultural conditions has received 
very little attention. However, an extensive study of the 
effect of plant spacing upon yield was carried on by Engledow 
and Ramiah (5). The authors worked with three varieties of 
wheat at spacings of 6" x 1" and 6" x 2", They observed 
that when the test was sow early there was only a suggestion 
of a greater yield per unit area for the close spacing. 


When late sowing was practised, the wider spacing gave an 
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increase in yield per unit area of 18 per cent over that of 
the close spacing. For early seeding the average yield per 
plant for the three varieties showed an 84 per cent increase 
of the wider spacing over the narrow spacing. For the narrow 
spacings the late seeding gave a 25 per cent greater average 
yield per plant than did the early seeding. The late seed-~ 
ing at the wider spacing gave a 171 per cent increase in 
average yield per plant over the early seeding at the narrow 
spacing. The increased spacing also produced a significant 
increase in the average number and size of heads per plant. 
A very interesting point in this study is that for each of 
the three varieties all increases due to increased spacing 
were of approximately the same order. 

| Anderson et al (1) observed that the seed and forage 
yields of brome grass increased with the application of nitro- 
gen up to approximately 100 pounds of the element per acre. 
Protein Wer conte ees for the fairly mature forage sampled in 
the study were not increased appreciably by amounts of nitro- 
gen up to 100 pounds per acre. However, rates of 140 and 200 
pounds per acre increased protein percentages appreciably 
without increasing yield beyond the level attained when 100 
pounds of nitrogen per acre was applied. 

The variation in protein content and yield and the 

association of these characters for individual plants of a 


variety have also received a rather limited amount of attention. 
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In experiments to determine the plant variability of early- 
generation hybrids Clark and Quisenberry (4) used as check 
varieties Kota and Marquis wheats. In 1926 the yields of 
individual plants of Marquis were found to vary from 1 to 
13 grams, and protein content from 12.5 to 16.5 per cent. 
In 1927, yield varied from 5 to 8 grams and protein content 
from 14.8 to 16.5 per cent. In 1926, the yields of indivi-~ 
dual plants of Kota varied from 1 to 15 grams, and protein 
content from 11.5 to 19.5 per cent. In 1927, yield varied 
from 7 to 13 grams per plant and protein from 15.5 to 16.8 
per cent. The variations of the hybrids were greater in all 
cases. These results indicate that variation in yield of 
individual plants of a variety is greater than variation in 
protein content. The results also indicate that the range 
of variations ee both yield and protein differ from year 
to year and between varieties. 

Clark (3), in testing Fp plants of Marquis-Hard 
Federation erosses, obtained a yield-protein correlation of 
-0.231 2 0.027. Although the correlation value is not high it 

is significant. For the Fe plants of the same cross tested 
at two different locations, he obtained yield-protein correla= 
tion coefficients of +0.256 5 0.042 and -0.732 2 0.018. The 
author accredits the variation between the first two and the 
third correlation coefficient to the fact that the first two 
tests were carried out under conditions of excessive moisture, 


while the third test experienced a severe drought throughout 
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the major portion of the growing period. The positive cor- 


relation obtained between yield and protein content for the 


second test is believed to be due to the great amount of soil 


heterogeneity present in the test. 
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SECTION A 


THE YIELD-PROTEIN RELATIONSHIP OF 
HYBRIDS IN YIELD TESTS 


Introduction 


The purpose of this portion of the study is to 
substantiate the work done by Grant (6) and to give con- 
tinuilty between his work and that to be presented in Section 
Be As this portion is subordinate to the main problem 
being studied, the tests contain only 50 of the original 


100 selections used by Grant (6). 


Materials and Methods 


Wheat 


The cross used for study of the yield=-protein 
relationship was Bunyip . Dicklow, used by Gant (6). Beth 
parents are soft white wheats. Bunyip is characterized by 
high protein and low yield, while Dicklow is noted for low 
protein and high yield. The hybrid seed was grown in bulk 


plots until the F, generation in 1940, when a random selection 
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of 100 plants was made. These selections were increased 
during 1941 and grown in yield tests in 1944 and 1945 by 
Grant (6). 

The population was reduced to 50 selections. In 
order to obtain a representative sample of the original 100 
selections, the yields for 1944 and 1945 at the two stations, 
Edmonton and Fallis, were averaged, placed in descending order 
of yield, and every second selection chosen. Yield trials 
were carried out in 1946 at both Edmonton (black soil) and 
Fallis (gray soil). 

The field plot design was a simple randomized 
block with four replicates. Hach plot consisted of three 
coe ar 18.5 feet long and 9 inches apart. The plots were 
sown at the rate of 1.25 bushels per acre using seed of the 
50 selections from the yield test at Edmonton carried out in 
1944. No fertilizer was added at either station. 

The centre row of each plot was trimmed to 16.5 
feet at maturity, harvested by hand, wrapped, and threshed 
separately, in a rod-row thresher. The yield was recorded. 

Protein content was determined on composite samples 
of seed from the four replicates. No analysis of variance 
could therefore be applied. Analysis of variance was applied 
to the yield data in the manner outlined by Hayes and Immer 


(7). Yield-protein correlation and regression coefficients 


were calculated, 
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Barley 


The cross used in this study was Trebi x Peatland. 
Peatland is characterized by high protein content and low 
yield, while Trebi is consistently a high-yielding, low-~- 
protein variety. Grant (6) studied the yield-protein rela- 
tionship of 100 selections from this cross. He described the 
history of these selections. , 

As in the case of wheat, the population was reduced 
to 50 selections. This was done in the same manner as for 
the wheat selections. Yield trials were carried out in 1946 
at both Edmonton (black soil) and Fallis (gray soil) using 
seed of the 50 selections from the yield test at Edmonton 
carried out in 1944, 

The same field plot design, type of plot, methods 
of harvesting and analysis were applied to the barley selec- 
tions as have already been described for wheat. The seeding 


rate for the barley was 2.00 bushels per acre. 


Experimental Results 


Wheat 
Edmonton (black soil) 


Except for an extremely dry period during and 


for two weeks following seeding, the seasonwas highly 
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satisfactory. Germination was even and sufficient rain- 
fall produced an excellent growth. The majority of the 
plots exhibited a tendency to lodge, but for no selection 
was lodging of such a degree as to produce an appreciable 


loss during harvesting. 


The results of the analysis of variance for 
yield are given in Table I. A highly significant dif- 
ference in yield was indicated for Seite gt lons? while 
there wits no apparent significant difference in yield 


between replicates. 


TABLE I 


Results of the analysis of variance for yield 
of wheat selections, Edmonton, 1946 


Variance due to D.F. Mean square F 
Selection 49 517.16 5.13** 
Replicate ASS 268.19 2266 
Error 147 100.76 

Total 199 


** Exceeds the 1% point. 


As has already been mentioned, the protein 
determinations were made on composite samples from the 


four replicates, and no analysis of variance was possible. 
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The relationship between yield in bushels per 
acre and protein content in per cent was found to be 
negative and highly significant, having a regression 
velue of boy = -0,058. The regression equation for 
protein content (p) in terms of yield (y) is p = 14.59 = 
0.058 ye The degree of association between yield in 
bushels per acre and protein content in per cent is ex- 
pressed by the correlation coefficient Poy: which for 
this experiment has the highly significant value of 
-0.685. 


Fallis (gray soil) 


Growing conditions were excellent throughout 
the entire season. No lodging occurred in the test. 
The results of the analysis of variance for 
yield are given in Table II. A highly significant dif- 
ference in yield was obtained for selections. The dif- 


ference in yield between replicates was just significant. 


TABLE IT 


Results of the analysis of variance for yield 
of wheat selections, Fallis, 1946 


Variance due to DoF. Mean square F 
Selections 49 502.48 4.10% 
Replicates &S 205.40 2.78* 
Error 147 75285 

Total 199 
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**® Exceeds the 1% point * Exeeeds the 5% point 


i a, i 


Me ae 
ay , 


i . A! as io ah, 


al 


rns 8 antved ins Pibegte peeve 


- ‘tol nottenpe notagorget oct 4820,0- = = eq to euley 


ik 


(= CBRE = @ BE (x) blety t6 anieeds at. (q). teisdaoo atetoug: ; 
| at PiSER noewted nottstooess ‘to eetjeb od 4 880. os 
1 “xe eed ti90 19¢ ie ‘tnedcaoo atetorg DAB ono8 0g efodend 
sual Siete Rte de, notteLerr1o9 odd. ud beenorg 
to es fsv ba eeeiaae vided exe asst $nomitoaxe aide 


> x01 tio Esiw 


: veo ee a ee i oe \, eee 


rc 
we. 


(Lhoe etn) elfist 


\ : ; . 


Svodguontt tnoLfeoxe onew acold iBaoo gett wor) 


-daod ods of seraew aeitgbal off sH9e.n98 otitee oxtd. 


= 


tot eorsiisy to eheylons ont ‘to. es freer: eff 
4 #325 susottiogte vided A 42) ‘efdat ak nevty $ts blot 


«£5 eft secotvoeler 0% henledde eaw Bloly ai sonst Ae 
yh 


 gdasobtiog te taut saw eotaotiqet iment bLoty rags eoroTet ie 
a Tt aiaat 


blety rot sonsiantsv to. etayisns edt to etiueefl 
esel ,stf{ist enolsoelee hbeaait +o p 


"ke Beds teh, 
Rented 


ns WN AB in 


As at Edmonton a highly significant negative 
relationship was obtained for yield (y) and protein 
centent (p) (yy = ~0,063). The regression equation for 
protein in terms of yield is p = 10,00 = 0.063 ye The 
correlation coefficient (rpy = -0.762) was highly signi- 


ficant. 


Barley 


Edmonton (black soil) 


Good growing conditions prevailed throughout 
the season, resulting in heavy growth. Serious lodging 
was encountered in many cases, but owing to careful 
harvesting, the mechanical error was held to a minimum. 

The results of the analysis of variance for 
yield are presented in Table III. A highly significant 
difference in yleld was found between selections, while 
there was no significant difference between replicates. 

A highly significant negative yield=-protein 
regression coefficient of -0.050 was obtained. The 
regression equation for protein (p) in terms of yield 
(y) is p = 15.86 - 0.050 y. A highly significant nega- 


tive correlation coefficient of -0.483 was also obtained. 
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TABLE III 


Results of the analysis of variance for yield 
of barley selections, Edmonton, 1946 


Variance due to Delic Mean square F 
Selections 49 274.41 2 203** 
Replicates Me) 2435.07 1.80 
Error 147 135.00 

Total 199 


** Exceeds the 1% point. 


Fallis (grey soil) 


Excellent growing conditions throughout the 
season resulted in abundant and uniform plant growth. 
No lodging occurred throughout the season. 

The results of the analysis of variance for 
yield are given in Table IV. A highly significant dif- 
ference in yield was obtained for selections, but the 
difference for replicates was not significant. 

As at Edmonton a highly significant negative 
regression of -0.091 was obtained for yield and protein 
content. The regression equation for protein (p) in 
terms of yield (y) is p = 14.17 - 0.091 y. A highly sig- 
nificant negative correlation coefficient of -0.762 was 


also obtained. 
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TABLE IV 


Results of the analysis of variance for yield 
of barley selections, Fallis, 1946 


Variance due to Del's Mean square F 


Selections 49 536.83 4.11** 
Replicates 3 4.62 0.06 
Error 147 82.02 

Total 199 


** Exceeds the 1% point. 


Discussion 


The rorailts obtained by Grant (6) in studies of 
the yield-protein relationships of wheat and barley have 
been substantiated by the present study. This was to be 
expected as the same material was used in both investigations. 
However, only 50 selections of each crop were used in the 
present study instead of the original 100 selections used by 
Grant. It is realized that, for most accurate comparison of 
the present study with that carried out by Grant, it would 
have been advisable to consider only those selections in 
Grant's study which were used here. However, such a com- 
parison was not made, partly because results of the present 
study were in good agreement with those of Grant, and partly 


because this phase of the present study was included 
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principally to connect Grant's work with current work on the 
effect of cultural treatments on the yield and protein con= 
tent of wheat and barleye 

To facilitate comparison of Grant's results (6) 
with those of the present study, correlation and regression 


coefficients are presented in tabular form below: 


r b 


py py 
Wheat 
Edmonton 1944 (Grant) -0.806 -0.053 
Edmonton 1945 (Grant) -0,527 ~0.048 
Edmonton 1946 -0.6835 -0,058 
Fallis 1944 (Grant) ~0.666 -0,.093 
Fallis 1945 (Grant) -0 ,5641 -0,079 
Fallis 1946 -0,762 -0,965 
Barley 
Edmonton 1944 (Grant) -0,533 =~ 044 
Edmonton 1945 (Grant) ~0.'761 -0.066 
Edmonton 1946 ~0,485 -0,050 
Fallis 1946 — @-9,762 -O0.,091 


It ean readily be seen that there is good agree= 
ment between the studies during the different years at both 
Edmonton and Fallis. : 

It was also noted that the errors due to soil vari- 
ability within the tests carried out in 1946 were very small. 
For barley, at both Edmonton and Fallis, the differences in 
yield between replicates were not significant, while for the 
wheat the difference was not significant at Edmonton and just 


Significant at Fallis. 
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SECTION B 


THE YIELD-PROTEIN RELATIONSHIPS OF HYBRIDS 
SOWN AT DIFFERENT SPACINGS 


Introduction 


When sowing head-rows the intra-row spacing usually 
depends upon the amount of seed available. Thus rows are 
obtained in which the plants are very close together, and 
others in which the plants are widely spaced. The purpose 
of this section of the study is to determine the effect of 
plant spacing within the row upon protein content, yield, and 
the relationship between the two. As it would be a prodigi-~ 
ous task Reet cent to duplicate all spacings that might 
occur in head-rows the one= and twelve-inch spacings were 
selected so as to include extreme range of spacings that 
might be encountered, and then an intermediate six-inch 


spacing was included. 


Materials and Methods 


Wheat 


The 50 Bunyip x Dicklow random selections used in 
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Section A, plus three check varieties, Bunyip, Dicklow, and 
Bunyip x Dicklow H=-45-8, were used. To obtain results ap- 
proximating those obtained when working with head-rows, the 
selections were grown in non-replicated, single, five~foot- 
row plots, spaced one foot apart. 

The experiment was set up in three banks. The 
first bank contained the selections sown at one-inch spac- 
ings within the rows, the second bank at six-inch, and the 
third at twelve-inch spacings. Each check variety appeared 
twice in a bank, two rows being sown at the beginning of the 
bank, two in the centre, and two at the end. The checks were 
randomized so that in no case did the two rows of a check 
variety appear together in the bank. For each spacing the 
selections were sown in the same order within the bank and 
the banks for the one-, six-, and twelve-inch spacings sown 
side by side in the field. There was a 33-foot roadway left 
between banks. By the use of this arrangement the one-, six-, 
and twelve-inch spacings of each selection were directly 
opposite each other in each bank, thus reducing to some 
extent the error due to land heterogeneity. 

In the case of the one-inch spacing 61 seeds were 
counted out and sown with a Kemp V=belt seeder. For the six- 
and twelve-inch spacings the seeding was done by hand. At 
each interval two holes approximately one inch apart were 
“made, a seed dropped in each hole, and covered. An effort 


was made to place the seeds at equal depths approximating as 


bre .woltotd iqtynsa 2eidoluey steers, seeds ‘ii A notgoot 


= ed Lanes atetdo oT boss etew Creel woitold x qlyas | 
deed ddtiaihkxoxg ma 


adoot-ovlt ,elgnte bedao Lgersaoc at srw  otew enotdoetoa 


edd rorsbeor aigiw ganidttow ca i” ‘beads a 


otaqe Fool eno peosae ,etolg wort |g 
ed? . .etinad eondd af qr See vaw tnembreqxe ome 
-“Seqe cout-eno te cwoR. ano Idgetoe edd bemtadiros uned terlt 
odd bes .domi-xie ta sire hnosee edd ,awor edt aliddiw egak 
—borsecgs ywelrsv xeeco dost “.egnlosce slont-ev lows ts br tat 
oft To gotontgen ent te noe anied ewor owd olasd B at 99 Lad 
etew axloario oxlT «bre ends ts owd bre qOTIMED oct ni ows etsd 
Paaats 8 To. awot cw end Bib)epeo Oxi a eng ee 
eis antosqe Hose tot, winad ent ci redtegod “teeqgs yteltay : 
bru ‘Hosd edd aldtiw tebto emse ont a ssi ovtow unotdoefea | 
frwoe egnlosge iioni-evilews fii erkia .~eno edd sot ealreed wine 
titel yswbsox toot-45 a esw eted? ebLot't edt oft able yo ebee 
e-Xle.,-9n0 ont tnomesrietivte eldd to éeu end ea vexinad meowted 
Yitoetkb, etow nottoslee Kdueitte ‘esihsuge donteeviow# bag 
emer ot grbkoubet miciche << dthatibsebiaiws st tedtto dose ot Luoqqo in 
-wileonegoteted bral ot ub Torre edd dnotKe 
stow ebose [8 gaiosqe doni-eno edd to sess ons al a 
-xie edt 10% .tehese tfed-V qmei s cdiw mwoe bare tro bedasos 
+A . baad vd eneb esw galbeer eds exgmiosgs foat-evlows bas 


etew diaqe dont ono yletsminorqgs eelort ows fevered dope 
SIOTIO fi .betevos bus ,efod rose fit begqqosb beee 8 eben 
as yoltamixorqqs adiqeb Leupe ta ebeoo’ edt eoalq ot ebsmr sew oF. 
y ‘ mo en 


- 20 = 


closely as possible the depth of seeding of the one-inch 
spacings. When filling the holes an attempt was made to pack 
the soil to the same degree as accomplished by the Kemp V- 
belt seeder for the one-inch spacings. 

When the seedlings had reached a height of one to 
two inches the rows of the six- and twelve-inch spacings were 
checked. Where both seeds had germinated one of the seed- 
lings was carefully removed so as not to injure the one 
remaininge In a few of the cases neither of the seeds ger~ 
minated. To eliminate the effect that would be caused by 
gaps, plants of the same selection were transplanted into 
these positions. The positions of these plants were noted 
on the field plan and they were removed just prior to harvest- 
inge 

Similar tests were conducted at both Edmonton (black | 
soil) and Fallis (gray soil). Field notes were taken through- 
out the growing season. At both stations the plots were kept 
completely free from weeds. 

To eliminate border effect, six inches was removed 
from each end of the one-inch=-spaced rows just previous to 
harvesting. For the six- and twelve-inch spacings the plants 
at each end of the row were removed. The transplants and the 
plants on either side of any appreciable gap were also removed. 
The plants were then pulled, and counted, and each plot 


wrapped individually to prevent mixing and the loss of seed. 


tom t~ente exit ‘to otctiank te, aitgeb ect efitenog a8 er 


wosg ot ebain BBW tqned ts fate) eolon Sad 


ant soot seantoaqe 


- aoe edt yd. bedelfomeoos ae eotseb omse. edd. ot foe ot ae 


-annlosge Nontono, ent rot. tabee 


» ted 
ot amo to Lantos 8 berioaor bed egailbece edd oct | | 
etow agntosde doat-svlewd ae “KLE ods to ewor oft eeu owt 
' sbeee edt To sao betsatmreg bec ebeee ditod oven (teal 

Oo odd etutat ot tom 2a.o2 heveme gl iitedss aay agent 
“Ton eabhses ocd ‘to world fect neeso orlt to wet s al ogninlantot 
yd heaves ed BLrow tact ean eid otanimite of thant ae 


ofat bedastqadact svew mottoelen omer ont to etnsl¢ 48939 


Beton etew ators fg Seeds 16 ano ld iaod edt eno Itteog seeds va 


-seovisd ot soitc tent bevomei etew yeod borg nela bLolt eds m0 


voald) sotnombT Atod te betoubnon ersw eteed sa ftnte 


-ciguotdt ceased atew seton blotd .,(Ltoe yets) ellls® base (Ikoe 


tqexi erew sdola odd anottetes ridged cA sfoasee galworg edt tio 


weboow. mort sont viheee Lae 
bevoniset egw eeriont xia JosTtte maticod etenimt fo oT 


o¢ evolverq teut wot heocsqe~conti-ono ont to bas dose moat” 


esJasiqg odt sanlosce dont-oviews bie -xte ont od saoiteevied = 


edt brie stasiqanatd odT . beveomon, otow- wor edt To base dose i 


ehevomet cels otew qey oldstoeqgs yas to ebke toitte mo. atasfq 


tof{q dose bars .betnayoo bas bell pec mons cae ici oat > 
N. 


- face to- anos ai bas si he saevetq o¢ (ifeubivibat 


Se ea en 


The plots were threshed by a head-row thresher, the 
seed cleaned, weighed, and yield recorded. The total yield 
was divided by the number of plants harvested to obtain the 
average yleld per plant for Apel selection at each spacing. 
Protein determinations were run on each sample. 

Correlation coefficients were determined for yields 
and protein contents at each spacing, for the yields obtained 
in the yield tests in Section A and the yields at the differ- 
ent spacings, and for the protein contents obtained in Sec-~- 
tion A and the protein contents at the different spacings. 
The significance of the differences between the mean yields, 
and between the mean protein contents at the different spac- 


ings were also calculated. 


Barley 


The 50 Trebi x Peatland random selections used in 
Section A, plus two check varieties, were used. In these 
tests only the two parental varieties, Trebi and Peatland, 
were used as checks. The plot arrangement and method of seed- 
ing were identical with those for wheat, the only exception 
being that the two check varieties of barley poeear edt hres 
times in each bank. Similar tests were carried out at Edmon-~ 
ton (black soil) and Fallis (gray soil). The barley received 
the same treatment as the wheat during the growing season and 


harvest operations. For each selection yield on a single- 
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plant basis and protein content were determined. As for the 
wheat, correlation coefficients and means were calculated. 
Throughout this section of the study the symbols 


used in the presentation of the data are as follows: 


y = yield for yield tests (Section A) 


¥, = yield for l-inch spacings 

Yo = yield for See spacings 

yz = yield for 12-inch spacings 

p = protein content for yield tests (Section A) 
Pj = protein content for l-inch spacings 


protein content for 6-inch spacings 


Po 


Pz = protein content for 12-inch spacings. 


Experimental Results 


The tests to be discussed were carried out with 
wheat and barley at Edmonton and Fallis. At both locations 
climatic conditions were satisfactory throughout the growing 
"geason. At Edmonton an obvious source of error, owing to 
the lateness of maturity of a number of the selections at the 
12-inch spacings, entered into the wheat test. The wheat 
test at Fallis suffered from severe attacks of both leaf and 
stem rust just after the plants headed. As there appeared 


to be very little variation in the degree of infestation, no 
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record was made of the percentage infestation of the differ- 
ent selections. Since barley has a shorter growth period 
than wheat, delayed maturity at the wider spacings was not 

an important problem at Edmonton. Figures 1 and 2 illustrate 
the variations in time of maturity between selections and 
spacings. As previously mentioned, the situation for wheat 
was similar but more extreme. 

In Table V the mean yields and mean protein contents 
and the yield and protein content ranges are tabulated. The 
means for each swcing are based on 56 values. The ranges 
were arrived at by taking the difference between the highest 
and lowest values obtained. 

In Table VI the mean differences between spacings, 
and the significance of the differences, are Bieee for both 
yields and protein contents. Also tabulated are the ranges 
of differences, calculated by taking the difference between 
the highest and lowest values for each spacing comparison. 
The standard errors of the difference were calculated accord- 
ing to the method used by Hayes and Immer (7) in the testing 
of the significant difference of means of paired values. 

For all tests increased spacings were accompanied 
by highly significant increases in mean yields per plant, 
and by increased ranges of yields. As would be expected the 
greatest Mmeeoases in mean yields were between the one=- and 
twelve-inch spacings. For the wheat ge Edmonton the increase 


between the one- and six-inch spacings was approximately 
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Figure 1 


Variations in maturity and other agronomic character- 
istics exhibited by the barley selections 
at the l-inch spacings, Edmonton 
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Figure @ 


Variations in time of maturity exhibited 
by the l= 6=- and 12-inch spacings 
of barley, Edmonton 
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TABLE V 


Means and ranges of yields and protein 
contents of 56 selections - 1946 


Yield (gm./pl.) Protein (%) 
Spacing Mean Range Mean Range 


Wheat: Edmonton l-ineh 508 4.2 12.0 4.5 
66-inch 15.09 ree: 725 4.1 
12-ineh 16.6 Zl ee 11.4 Sed 

Fallis leinch a A Sel 720 204 
6-ineh* ae 2 6.2 7.8 Dee 
12-inch 2009 2462 8.6 4.5 

Barley: Edmonton l-inch 306 Bol 135.5 Do4 
66-inch 17.0 125.6 14.4 4.6 
12-inch 29 ek 5862 14.5 See 

Fallis l-inch 300 209 8.6 Sel 
6-inech ale a | 8.9 9.4 4.2 
12-inch 2220 2469 Li.2 7.0 


* Means of 54 values. 


three times as great as that between the six=- and Ceerve tuen 
spacings. This striking decline in the yield increase as the 
twelve-inch spacings were approached was, at least in part, 
due to the immaturity of a number of the selections at the 
time of harvest. In the case of the wheat at Fallis and the 
barley at Edmonton the increases between the one=- and six- 
inch spacings and between the six- and twelve-inch spacings 
were similar. For the barley at Fallis the increase between 


the one~ and six-inch spacings was twice as great as that 
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TABLE VI 


Mean differences between spacings for both 
yields and protein contents of 
56 selections - 1946 


Range of S.E. of Mean 
Spacings differences differences difference t-value 


Wheat 


Edmonton y3-J1 27 09 0.817 12.8 15.70%* 
Mee be 2805 0.791 Sed 4.21%** 
yerVj 15.9 0.442 925 21.647%* 
Pi Ps 4.5 0.129 0.6 4,88** 
Po-Pz 4.5 0.105 Ol 1.24 
Py "Po Sel 0,090 0.5 5 44% 
Fallis Jo-y7 Leek 0.696 Le 25.40% 
3 IZ37~9oO 22 ol 0.686 8.8 12.86** 
ye7J1 15.6 0.392 9.0 22.86%* 
ParP 7 402 0.126 1-6 LZ 62" 
P2"Po 4.8 0.107 0.8 7 466"* 
PoP 44 0.125 0.8 6.24** 
Barley 
Edmonton  Ya=Jy 40.5 S57 25.4 18.75** 
I37To O90 16223 12.1 9.90** 
Jor31 Leek 0.655 15.3 20.94%* 
P3-P 509 0.167 1.0 6.23" 
P3"Po Sel 0.094 OA. 1.28 
PowPy 4.9 0.158 0.9 6.67*%* 
Fallis ¥s7-F7 23.5 0.687 19.0 27 .66%* 
¥Z=ve 2161 0.465 6.8 14.62%* 
Yor37 15.0 0.529 2a: 36 .78** 
PowPy S04 0.105 0.8 1.62 > 


** Significant to the 1% point (2.67). 


between the six= and twelve-inch spacings. Except for the . 


twelve-inch-spaced wheat at Edmonton, all spacings at Edmonton 


gave higher mean yields per plant than did the corresponding 
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spacings at Fallis. 

The ranges of yields within the spacings for all 
tests increased consistently as spacings were increased. For 
both wheat and barley the ranges for the spacings at Edmonton 
were Hiewer than those for the corresponding spacings at Fal- 
lis. Except in the case of the barley at Fallis the range in- 
creases were greater between the one=- and six-inch spacings 
than between the six= and twelve-inch spacings. For the bar- 
ley spacings at Fallis the opposite relationship appeared. 

The ranges of the differences in yields were larger 
for the comparisons at Edmonton than for the parallel com- 
parisons at Fallis. For all tests the ranges of the differ- 
ences in yield were also smallest for the comparisons between 
the one= and six-inch spacings, and approximately equal in 
magnitude for the comparisons between the six= and twelve- 
inch spacings and the ome=- and twelve-inch. The standard 
errors of the differences were likewise larger at Edmonton 
than at Fallis, and increased from the comparisons between 
the one= and six-inch spacings to those between the six- and 
twelve-inch spacings, to those between the one= and twelve- 
inch spacings. 

As would be expected, considering the difference 
in soil types at the two stations, the mean protein contents 
for all spacings at Edmonton were higher than those for the 
comparable spacings at Fallis. Except in the case of- the 


wheat test at Edmonton increased spacings produced increases . 


nod conibi te ametoaqe oxtd xo%. eegnen 


‘ffs sot egctioeage ont abst ete? 


bald _beeseront Stow epatoaue ae) th on & 


~Isii ts egatoace sntbdogue tres: eis Sent? ae 
st-epnst edi. ab fle’ $a vefuad ‘eae to. 880 ‘orf ne deeoxa “en -? 
agntosg®. dont-xbe bar “Aro erid nodwied seda073 o1ew eoesere | ae 


~isd edt xso8 -egatosge isat-ovtond bas “Kio odd noowted necit ie 


sbereeqrs qitenotts Les etizodgo edd eLiist-ts egclonge wel oa 


sogtat Stew ebfety ot geonete TRL exe to eognet edt a. 
=—m00 feffered as! TOT mach nodmonbe hes ence braqmod. ee ot Ey 

bi Draatle 

om 


“"6tilh edd to nogere vont eteod fer con blot: IR encesieg i 


sence btie abe exis noewsed esto ixaqmoo orld tot ee 


VE 


probriede ent .loat-evSowd Bercey 086 esid ‘bee agctosre donk 
} ; ; See ~~ 
mogmotbhs ta tegtet oe twoxtd ‘SLOW comets ttle edd ‘To aTOUTe < 
rreewd et enoalnscmes erit seeieet bezsetogt bos. eetiilet ts nadie 


bans -xfea ont neewted geode od rantoaga dominate bre “ono. ec 


= 96) = 


in mean protein contents. At Edmonton increased spacings were 
associated with decreasing mean protein contents for wheat. 
There were highly significant decreases between the one- and 
-gix-inch and one~ and twelve-inch spacings and a non=signifi- 
cant decrease between the six- and twelve-inch spacings. At 
Fallis Heed were constant increases in the mean protein con= 
tents of the wheat selections, up to the twelve-inch spacings. 
In the barley test at Edmonton increased spacing caused 
highly significant increases in mean protein contents between 
the one- and twelve-inch and the one- and six-inch spacings 
and a non-significant increase between the six=- and twelve-~ 
inch spacings. At Fallis there were highly significant 
increases between all spacings, with a greater increase 
between the six- and twelve-inch than between the one~- and 
six-inch spacings. In the case of both barley and wheat, 
at Edmonton increased spacings were accompanied by decreased 
protein ranges, and at Fallis by increased protein Soneee. 

As can be seen in Table VI the ranges of the dif-=- 
ferences and the standard errors of the difference for the 
different spacings indicate no general trend. 

The relationships between the yields and protein 
contents at the different spacings, the yields at the dif- 
ferent spacings, and the corresponding yields in the yield 
trials, and the protein contents at the different spacings 


and those of the yield trials, were determined. The co- 
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efficients for yields and protein contents within the spacings 
are based on the 50 selections plus 6 check varieties. Where 
the relationships of the yields and protein contents to their 
respective values in the yield trials were calculated the co- 
efficients are based on the results of the 50 selections. 


The correlation coefficients are tabulated in Table VII. 


TABLE VII 


Correlation coefficients for the wheat and barley 
spacing tests - Edmonton and Fallis, 1946 


Wheat Barley 
Correlation 
coefficient Edmonton Fallis Edmonton Fallis 
- we S 4% seh 
Ppiy1 0.356 0.185 0.603 0,450" 
e@ wo @ 3 RH | =e 5 aos i) @ Le 
Ppeye 0.001 0.677 0.540** 0.135 
TP2Vz -0.194 -0.211 ~0,594%* 0.422% — 
0.704%% 0.244 0.403** 0.423** 
¥1T 
y 0.519** 0.261 0.122 0.374%% 
oy 
yay 0.513** 0.255 0.013 0.508** 
rp 0.715** 0.586** 0.351* 0.742** 
1P , 
as 0.276% 0.168 oR Se 0.663** 
PoP | 
P 0.183 OeeeT 0.376** 0.587% 
P2P 


* Exceeds the 5% point. 
** Exceeds the 1% point. 
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The relationships between yields and protein con- 
tents within the spacings were inconsistent. At spacings of 
one inch the relationships were negative and highly signi- 
ficant for both wheat and barley at Edmonton, while at Fallis 
it was positive but not significant for wheat and positive 
and highly significant for barley. For the six-inch spacings 
the relationships were negative and highly significant for 
wheat at Fallis and barley at Edmonton, but not siiguieicauy 
for the other two tests. The twelve-inch spacings gave nega= 
tive relationships for all tests, but only those for barley 
at Edmonton and Fallis were highly significant. 

The yields at the different spacings, when-corre- 
lated with the yields of the yield trials, outlined in 
Section A of this study, gave variable results. Wheat at 
Edmonton gave highly significant positive correlations for 
all spacings, whereas at Fallis the coefficients were all 
positive but non-significant. For the barley at Edmonton 
the relationships were all positive but only that for the 
one=inch spacings highly significant, while at Fallis all 
relationships were highly significant. Although for the 
wheat at Fallis none of the yields at the different Spocting: 
showed significant relationships to the yields of the yield 
trials, the correlation coefficients were all positive and 
of equal value. The relationships between the yields of the 


one=inch spacings and those of the six-inch Spacings, and the 
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yields of the one-inch spacings and those of the twelve-inch 


spacings were highly significant (ry = 0.454 and r 


192 ; V193 i 
0.398). From the consistency of the low correlation coeffi- 
cients, and the highly significant relationships between the 
yields of the different spacings, it appears that the error 
between spacings was less extreme than it would normally have 
been had the large error between selection yields been caused 
entirely by soil variability. The correlation coefficients 
also indicated that the yields of the adjacent barley tests 
were also more Geeaveee than were those of the wheat. On 

the basis of the foregoing it seems reasonable to assume that 
a Large portion of the error between selection yields was due 
to the varying effects of the rust epidemic upon the selec- 
tions, rather than to soil variations. 

When the protein eon tentstfer the’ cne-inch spacings 
were correlated with the protein contents of their respective 
yield trials all correlation coefficients were positive and 
highly significant, except in the case of the barley at Edmon- 
ton, which was only significant. The correlation coefficients 
for the six- and twelve-inch spacings of barley at Edmonton 
were highly significant, but not significantly higher then 
the coefficient for the one-inch spacings. The protein con- 
tents for the barley at Fallis, when correlated with the pro- 
tein contents of the yield trial, gave highly significant 


relationships for all spacings. 
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It can be readily noticed from the correlation co- 
efficients in Table VII that both the mean yields and mem 
protein contents of the plants at the one-inch spacings are 
in better accord with the yields and protein contents of the 
yield trials than ere those of the wider spacings. This may 
be due to the greater influence of soil heterogeneity with 
increased spacings, or to the fact that the means, in the case 
of yields, and the composite samples analysed, in the case of 
protein contents, were composed of a greater number of indivi- 
dual plants at the one-inch spacings than at the wider 
spacingse Itcan also be noticed, when the over-all picture 
is considered, that the protein contents of the one-inch 
spacings, when correlated with their related values in the 
yield trials, do not give significantly better correlation 
coefficients than do the yields when correlated with their 
related values in the yield trials. Thus it appears that soil 
heterogeneity produces similar relative variations in both 


yields and protein contents. 


Discussion 


All increased Spacings were accompanied by corres- 
ponding increases in mean yields per plant, with a gradual 
reduction in the unit increase as spacings were increased. 


The results indicate that, under similar conditions, the 
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maximum plant yields would have been reached at spacings 
somewhat wider than 12 inches. With increased spacings there 
were also increases in yield ranges within the spacings and 
increases in the ranges of the differences for the compari- 
sons. This indicates that the inherently high-yielding 
selections have a greater ability to make use of the increased 
nutrient supply and improved growth conditions than have their 
inherently lower-yielding relatives, thus giving greater yield 
increases. 7 

As the protein contents are recorded as percentages 
of the total Se material, their increase or decrease with 
imenesaed spacings depends on the rate of increase in nitro- 
gen assimilation in relation to the rate of increase in the 
production of the other components of plant yield. As has 
already been stated, in all cases mean yields increased with 
: increased spacing. This was also the case for the protein 
contents, except for the wheat test at Edmonton where a 
decrease was obtained. 

With increased spacing the wheat at Fallis showed 
a constant increase in protein contents, with no indication 
of falling off up to the twelve-inch spacings, whereas that 
of the barley increased at a greater rate as spacings were 
increased. Considering the miteeccs “peer condition of the 
soil at Fallis this is to be expected, as the increased 


spacings cause a greater relative increase in the availa- 
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bility of nitrogen than in the availability of the other 
plant nutrients. Thus, despite the negative relationship 
existing between the two there was an increase in both yields 
and protein contents at Fallis. Although barley showed the 
greater yield increases, it also gave the greater increases 
in protein content with increased spacings, indicating that 
its ability to make use of the increased nitrogen supply is 
superior to that of wheat. The wheat at Edmonton showed a 
decrease in mean protein contents as spacings were increased, 
and the barley an increase. Both the ineredse for barley and 
the decrease for wheat tended to fall off as the twelve-inch 
spacings were approached, indicating that either no change 

in protein contents or a reversal of the trend would be 
associated with still greater increase in spacings. At Edmon-~ 
ton, as at Fallis, the barley showed the greater ability te 
utilize the increased supply of soil nitrogen. 

At Edmonton increased spacings caused a small 
decrease in fie ranges of protein contents and at Fallis a 
noticeable increase. The ranges of differences between the 
comparisons formed no comprehensive trends. 

The correlation coefficients varied extremely 
throughout the four tests. This inconsistency, the greater 
part of which was due to soil variations within the tests, 
is to be expected when dealing with data from non-replicated 


field experiments. Similar variations were observed by 
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Malloch and Newton (8) who, over a period of two years, took 
random samples of Red Bobs wheat from an apparently uniform 
field. The authors noticed greater variations in yield than 
in protein content. In the present tests it was also obvious 
from the correlation coefficients that there was less error . 
in the yields and protein contents of the selections sown at 
the one-inch spacings than at the wider spacings. 

The efficiency of yields and protein contents of the 
one-inch-spaced 5-foot rows, as criteria for the elimination 
of low-yielding and high-yielding, thus low-protein-content 
selections from a population, was examined using the test 
showing the least apparent soil variations. As both the 
relationship between the yields of the one-inch spacings and 
the yields of the yield trial, and the protein of the one- 
inch spacings and the proteins of the yield trial, were high 
for the wheat tests at Edmonton (roy = 0.704 and Ppp = 
0.715) these tests were used. 

In Table VIII the selections tested in yield trials 
during 1944, 1945, and 1946, are presented in descending | 
order of yield. Also given are the same. selections from 
the wheat one-inch spacings at Edmonton, placed in descending 
order of yield, and the protein contents from this test in 
ascending order. Assuming a forty percent elimination on the 
basis of the data of the one-inch spacings, the single asterisks 
on the left-hand side of the columns indicate the selections 


eliminated because of high yield, and the double asterisks 
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TABLE VIII 


Distribution of eliminated selections on the yield 
trials - Edmonton, 1944, 1945, and 1946 


Yields Yields Yields Yields Protein 
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the selections eliminated because of low yield. Likewise, 
the single asterisks on the right-hand side of the columns 
indicate the selections eliminated because of low protein 
content, and the ‘double asterisks those eliminated because 
of high protein content. In Table IX the efficiencies of 
the use of the yields and protein contents of the one-inch 
spacings in the elimination of the 10 highest yielding and 
the 10 lowest yielding selections in the yielc trials grown 
during 1944, 1945, and 1946, are given. The index of effi- 
ciency of elimination is ealculated on a percentage basis, 
from the number of times top 10 or bottom 10 selections, 
eliminated on the basis of the results from the one-inch 

Ee eeinea: fall within the corresponding ranges for the yield 
trials. 


TABLE IX 
Efficiency of elimination of high and lew yielding 


selections by the yields and protein contents 
of the l-inch-spaced wheat = Edmonton 


Percentage eliminated 
e : 


Method Range 1944 1945 1946 Average 

Yield High 20 10 60 16) 
Low : 60 50 70 53 

Protein content High 40 20 20 ev 


Low 60 50 60 a7 
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As is seen in Table VIII, the selections eliminated 
on the basis of both yield and protein content results from 
the one-inch spacings, fall in almost random distribution 
on the yield trials. The distributions are about the same 
for the years 1944 and 1946. As 1945 was an extremely dry 
year this seems to have caused a change in the order of 
yields, thus varying the distribution somewhat. From Table 
10) ihe i is seen that the efficiency of elimination of the low- 
yielding selections is almost twice as great as that of the 
high-yielding selections with a low secon content. This, 
at best, is only 70 per cent efficient using protein con- 
tent as the criterion of elimination. Considering the 
averages there appear to be no eperectanic differences in the 
accuracy of the two methods. Despite the apparent accuracy 
ef yields and protein contents of the selections grown in 
5-foot rows in the test used for this illustration (Posy = 


0.704 and r = 0.715), the efficiency of elimination 


pp 
obtained Le slightly better than could be expected 
from the random discarding of selections from a large popu-~ 
lation. The fact that this accuracy is greater than could 
normally be expected, especially when using a large number 
of selections, must also be considered. On the basis of the 
foregoing results it must be eoneleded that, without the 
introduction of replication, neither average plant yields 


nor protein contents of early generation head=row material 


are of any value in the elimination of the high-yielding-low- 
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protein or low-yielding-high=-protein selections from a popula-= 
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SECTION ¢ 


THE YIELD-PROTEIN RELATIONSHIPS OF SINGLE PLANTS 


OF THE SAME VARIETY 
Introduction 


The purpose of this section of the study was to 
examine the possibility of using the Wiotoin content or yield 
of an individual plant as an indication of the yielding 
ability and protein content of a selection. Individual 
plants of two varieties of wheat and two varieties of bar- 
ley were studied. Although the selections previously used 
are thought to be homozygous, varieties were used to make 
sure that the variations in yield and protein content would 
be as small as possible. The individual plant variation 
in both yield and protein content, the effect of spacings 
upon these variations and the relationship between ene yields 


and protein contents of the individual plants were determined. 


Materials and Methods 


Wheat 


The two varieties of wheat used were Bunyip and 
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Bunyip x Dicklow H=43=-8. Bunyip is the low-yielding-high 
protein parent of the random selections used in Sections A 
and B of this study, and H-45-8 a promising high=-yielding- 
low-protein selection from a Bunyip-Dicklow cross made at 
the University of Alberta. 

Each of the two varieties was sown at one-, six- 
and twelve-inch spacings in 5-foot rows. For the one-inch 
spacings the plots consisted of three rows; for the six-inch, 
four rows; and for the twelve-inch, five rows. Each plot 
was replicated three times in each test. ‘The plots were 
sown in a split-eplot arrangement, the main plot being the 
variety and the sub=-plots within this consisting of the 
three spacings. The tests were carried out at both Edmonton 
(black soil) and Fallis (gray soil) during 1946. 

Seeding, removal of extra seedlings, and the fill- 
ing of gaps were carried out in the same manner as des-~ 
eribed in Section B of this study. Just prior to heading 
50 plants from each plot were selected at random and labelled. 
Care was taken not to label plants that were at the end of a 
row, adjacent to a gap, or that had been transplanted to fill 
a gape Notes were taken on the labelled plants throughout 
the remainder of the season. At harvest time any of the 
labelled plants that had obviously suffered mechanical damage 
or were near-a gap were removed. The plots were then pulled 
and ten labelled plants selected at random from each plot. 


The heads on each plant were counted, removed, and placed in 
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an envelope. The samples were threshed and cleaned by hand 
and the weights recorded. Protein determinations were run on 


the samples. 


Barley 


Trebi and Peatland, the two parental varieties of 
the selections used in Sections A and B of this study, were 
used in these tests. The plot arrangement, methods of seed= 
ing, and the handling of the material throughout the whole of 
the test period, were the same as those used for the wheat. 
The tests were carried out at both Edmonton (black soil) and 


Fallis (gray soil) during 1946. 


Experimental Results 


The mean yields, mean protein contents, and average 

yield and protein content ranges are tabulated in Table X. 
The mean yields and protein contents are based on the * 
analyses of 30 individual plants, 10 from each replicate. 

The ranges are the differences between the nyereee of the 
lowest and the highest values for each replicate. In the 
graphical presentation of the results, Figures 3 to 6, the 
average extremes for the ranges are plotted. As in no 
instance was there a significant relationship between the 


yields and protein contents of the individual plants, cor- 
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TABLE X 


Mean yields, protein contents, and yield and protein 
content ranges of individual plants 
Edmonton and Fallis - 1946 


Yield Protein content 
Stbend. .- stand. 
Variety Spacing Mean Range deve Mean Range CeVe 
Wheat 
Edmonton:Bunyip l-inch Ded Deo 1.8 12.9 Coo 1.0 
66-inch Leeo ML Aids 4.5 12.2 AAC? 0.8 
l12=imeh 15.4 15.6 Def 12.0 Zed 0.8 
Bunyip'x il=~ineh 5.7 5.0 66 16.527 (1.0 0.6 
Dicklow 6<ineh 14.7 11.7 4.2 10.9 Let 0.6 
H-43~8 12-inch 15.4 14.7 520 vec 306 lec 
Fallis: Bunyip l-inch 4.35 Se7 eo 8.5 1.9 0.7 
: 6-inch 11.7 9.7 Sed Bale 1.2 Oe 7 
12-inch 17.0 Led Die D 9.9 244 eds 
Bunyip x l-inch Sek BAS 1.8 6.8 1e6 0.6 
Dicklow 6-ineh 14.7 11.0 O00 Vel 1.8 0.6 
H=-435-8 lZ=ineh 21.8 173 5.8 9.6 26 ILA) 
Barley 
Edmonton: Trebi l-inch 620 4.7 220 11.8 2.20 0.7 
6-<ineh 25.5 18.7 6.0 Dey) 209 1.0 
12-inch. 30.6 SDe Tl 8.4 14.0 SD 1.4 
Peatiaud )lcinen 4,9 866 92.4! 15.9 4.6 1.8 
6—tneh 16.0 19.7 ek 16.5 546 lel 
1i2=ineh 19.2 22.4 Vail Gio t yal 0.9 
Fallis: Trebi l-inch 4.8 607 Zed 7.26 IAs 0.8 
6=imeh 16,0 13.4 5.5 B67 eal 0.9 
iZg=inenh 25.9 15.7 Sie 9.0 IUAY/ Oe 
Peatland 1L-inch 2.9 506 1e4 9.9 2 at 0.8 
6=ineh 12.7 135.0 4.5 aes 504 126 
12=tneh » 18.2. 17.0 5.6 Tise6 he. i.6 
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Effect of spacing on mean yields per plant, mean 
protein contents, and yield and protein 
content ranges of barley 
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protein contents, and yield and protein 
content ranges of barley 


Effect of spacing on mean yields per plant, mean 
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relation coefficients are not given for this study. 

For both varieties of wheat and barley increased 
spacings were accompanied by increased mean yields per plant 
and increased ranges of yields within the spacings. In all 
cases the increases in mean yields were greater between the 
one= and six-inch spacings than between the six=- and twelve- 
inch. In Figures 5 to 6 it can be seen that increased spac- 
ings gave smooth yield increases, with a gradual decrease in 
unit increase as the wider spacings were approached. For the 
wheat at Edmonton the slight increases in yield between the 
six- and twelve-inch spacings were probably due to the imma- 
turity of the twelve-inch-spaced plants when harvested. 
Throughout the four tests the higher-yielding variety in- 
creased at a greater rate than did the lower-yielding one. 
As was the case for mean yields, greater spacings caused an 
expansion of the yield ranges, the rate of expansion becom- 
ing less as spacings were increased. 

Except in the case of Bunyip at Edmonton, all 
varieties of wheat and barley exhibited an increase in mean 
protein content as spacings were increased. For the Bunyip 
at Edmonton there was a decrease in mean protein content with 
increased spacings. At Edmonton the decrease and increase 
for Bunyip and Bunyip x Dicklow H-43-8 gradually fell off as. 
spacings were increased, while the increases for both varie- 


ties at Fallis were greater at the wider spacings. For 
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barley at both stations all increases gradually decreased in 
unit increase as the wider spacings were approached. Peatland 
at both stations had the more rapid increase up to the six- 
inch spacings and then fell off more rapidly toward the twelve- 
inch spacings. At both stations the lower-protein variety of 
wheat showed the greater increase in mean protein content, 

and the higher-protein variety of barley the greater increase 
with increased spacings. 

The protein content ranges showed no definite rela- 
tionships to spacing increases, While the yield ranges were 
fer the most pare nearly as large as the mean yields the 
ranges of protein contents were “oad. ranging from 1.0 to 
4.0 percent protein or from 10 to 30 percent of the mean pro- 
teins. All wheat results, except those for Bunyip at Edmonton, 
showed a marked increase in protein content ranges with in-=- 
ereased spacing. Bunyip tested at Edmonton, the only instance 
in which increased spacings gave a decrease in average pro- 
tein content, showed no consistent change in ranges of 
protein contents. For barley the results were inecaclusive: 
For Trebi, increased spacings were accompanied by an increase 
in the ranges of protein contents at Edmonton, while at Fallis 
there was no change in the ranges. For Peatland, increased 
spacings caused a consistent decrease in the range of protein 
contents at Edmonton and a consistent increase of the same 


magnitude at Fallis. 
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Discussion 


In all instances throughout this study increased 
spacings gave corresponding increases in average yields per 
plant. This agrees with the results obtained by Engledow 
and Rami (5). For all tests except that of the wheat 
varieties at Edmonton, the rate of increase gradually 
diminished as the wider spacings were reached, indicating 
that the maximum possible yields would have been reached at 
spacings of somewhat greater than twelve inches between 
plants. At Edmonton the increases in mean yields per plant, 
for both varieties of wheat, between the one- and six-inch 
spacings were similar to those obtained in the other tests. 
However, the inereases between the six- and twelve-inch 
spacings were very small. This inconsistency was at least 
in part due to the fact that because of the lateness of 
maturity of the plants at the twelve-inch spacings they had 
to be harvested before they were completely mature. For all 
tests increase in spacings caused a greater rate of increase 
in the average yields of Me hi shor tieldine variety than it 
did for the lower-yielding one. From this it would appear 
that the variety with the greatest inherent yielding ability 
makes the most efficient use of the increased availability of 
moisture and nutrients resulting from the spacing increases. 


In the case of wheat at both Edmonton and Fallis, 
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increased spacings caused a much greater increase in average 
protein content per plant for the variety with the lower pro- 
tein content than it did for the variety with the higher 
protein content. Keeping in mind the negative relationship 
between yield and protein content, it would appear that at 
Fallis, where the soil is deficient in nitrogen, the effect 
of increased yield was more than offset by the increase in 
nitrogen availability caused by the increase in spacing. 
Thus, with increased spacings, an increase in average protein 
content was obtained for both varieties. At Edmonton, where 
there is more nitrogen in the soil, the effect was not so 
extreme. The low-protein Bunyip x Dicklow H-AS-8), which 
showed .the greater increase in average protein at Fallis, 
gave a much smaller increase at Edmonton. For the high-protein 
Bunyip, which showed the smaller increase in protein content 
at Fallis, the positive effect due to increased availability 
of nitrogen was not sufficient to offset the negative effect 
of increased yield. Thus, a decrease in protein content 
resulted. 

In the barley tests at both Edmonton and Fallis, 
the average protein content of the high-protein Peatland 
showed a much greater positive response than did that of the 
low-protein Trebi when the spacing was increased from one to 
six inches. However, for the increase in spacing from six 
to twelve inches Trebi showed the greater response. The 


increase in average protein content of Peatiand was rapid 
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up to the six-inch spacings and then appeared to have reached 
its maximum protein content, with the indication that still 
greater increases in spacing would cause no greater increase 
in protein content and possibly a decrease. Trebi, on the 
other hand, although increasing more slowly at first, did not 
appear to have reached its maximum protein content at the 
twelve-inch spacings, indicating that a still greater pro- 
tein content would have been obtained by greater spacing 
increases. 

Throughout these tests there appears to be a vari- 
ation in the ability of varieties to use the increased 
amount of nutrients made available by increased spacing. 
When spacings were increased there was a eariaeied in varie~ 
tal reaction, but no variation in reaction between stations. 
When spacings were increased the higher-yielding variety of 
the pair always increased in yield at a greater rate than did 
the lower-yielding one. This indicates the ability of the 
higher-yielding variety to make more efficient use of the 
increased nutrient supply. Because of the negative yield- 
protein relationship existing for both wheat and barley, it 
would seem reasonable that the variety giving the greater 
yield increase per unit spacing increase would give the 
smaller increase in protein content. Although the increase 
curves for the two barley varieties are quite different this 


appears to be the case. However, for the two wheat varieties 
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this does not hold true. The variety that gave the greater 
increase in yield with increased spacing also gave the 
greater increase in protein content. 

For the wheat tests at both Edmonton and Fallis the 
average varietal yield ranges for the individual plants at 
the one-inch spacings were all approximately 5 grams. For 
the barley tests these ranges varied from approximately 4 to 
8 grams. These ranges were somewhat smaller than those 
obtained by Clark and Quisenberry (4) using Marquis and Koto 
wheats. In the present study the yield ranges of the six- 
inch spacings showed large increases over those obtained for 
the plants at the one-inch spacings. The average ranges for 
the plants at the twelve-inch spacings also showed increases 
over the ranges obtained at the six-inch spacings, although 
these increases were not so large. Thus there is formed the 
same picture for range increase as for yield increase; the 
range expanding, but at a diminishing rate, as the wider 
Spacings are approached. 

The wheat results appear to indicate that there is 
a positive association between mean protein contents and 
ranges of protein contents, as effected by spacings. The 
barley results, however, show no general trend. The scope 
of the experiment is not great enough to determine whether 
these inconsistencies in the range trends are the true picture 
or not. 


There was no association found between the yields 
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and protein contents of the individual plants. This does not 
agree with the results obtained by Clark (3) who found sig- 
nificant negative correlations between the yields and pro- 
tein contents of individual plants of both Fo and Fz hybrids 
of Marquis x Hard Federation crosses. That this lack of 
consistency is due to the small ranges of yields and protein 
contents encountered in the present study is indicated by 
the work of Clark and Quisenberry (4) who found that both the 
yield and protein content ranges of individual plants of a 
Kota-Marquis cross were much larger than the corresponding 
ranges for the individual plants of either of the parents. 
Owing to the variations in yield and protein con- 
tent of individual plants within a variety and the lack of | 
association between the two, it appears that the protein con- 
tents of individual plants cannot be used as an indication of 
either the potential yielding ability or protein content of 


a selection. 


dom inl eid? edasla Aauotvtban 
nr -gie bawol ont (8) saad wd bomtadde | 


~o7g bas abreny. acid mooted i: as 


é ‘to fost eldd ted .eeneots noiverobelt basi * iwkes 
te ‘gistorg bee ablety to aognay “Aan anit ot ‘ont at yonadeten a 
| ad bedsothal et bana jnsaenq. exis “ak bento : 
ill dted decid basot outer cs) ‘peredaen L110 bas x00 ‘20 iow on 


% 


goo afedouq bas piety fet enobisixsy ent ot gntwo 
to Moat odd bas pret iee 8 bettie adem Leubbutbet, nie S008 


=c109 aeons ont sect 2T8EeqCs. $5 inne ont dnenhed nontatooa 


Os | ee 
oy er pape snobtoofoe 4 1s 
Asks & é ae 


ig : , 
: vA : tm , 


= 56 «= 


GENERAL DISCUSSION 


A careful analysis of the relationship between 
yield and protein content of cereal crops is deemed import- 
ant. For many years emphasis in testing of cereal crops has 
been on yield, the general assumption being that protein con- 
tent remained constant. However, in recent years the 
importance of protein content has become more widely recog- 
nized. Severel factors have contributed to its increasing 
importance, at least as far as cereal crop production in 
Alberta is concerned. With the introduction of earlier wheat 
varieties, production has been encouraged farther and farther 
north into areas where the environmental conditions are not 
conducive to high protein content. Soft white wheats are 
and will be produced in Alberta, and in these wheats a low 
protein content is required. Also, at some date in the 
future, it may be possible to achieve the grading of wheat on 
the basis of its protein content. It is believed, however, 
that studies of the yield and protein content of cereal crops 
should not be independent but closely integrated. In this 
belief, investigations have been initiated to determine the 
effects of various factors on the yield-protein relationships 
of wheat and barley. 

The results from a three-year test of hybrid lines 
from a single cross of both wheat and barley indicate that 


there is a negative relationship between protein content and 
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yield. Date for 1944 and 1945 were obtained by Grant (6), md 
data for 1946 are included in the present study. The size of 
the correlation coefficient apparently bore no relation to 
location, season, or crop. Tests on gray wooded soils and 
tests on black soils gave similar correlations. In years with 
adequate moisture and high yields the correlations were not 
consistently higher or lower than in dry years. The compar- 
able results for wheat and barley were not unexpected. Berg 
(2) has shown a negative relationship between the yields and 
protein contents of selections of eee wheat from the same 
cross. Grant (6), in reviewing the literature on the sub- 
ject, found that in general there was a negative relationship 
between yield and protein content. 
This negative correlation between yield and protein 

content suggests many problems and avenues of research for 

the plant breeder. Perhaps the most pertinent question is: 
What limit does this negative relationship between yield and 
protein content set on the breeding of high-yielding-high- 
protein wheat? As yet this question cannot be answered. It 
would also be of value to know whether this relationship is 
physiologically or genetically determined. The total quantity 
of protein produced varies within narrow limits, whereas the 
total grain yield fluctuates over a wide range. It is thus 
ese that protein content is just a physiologically con- 
trolled function of yield; as yield increases protein convent 


decreases, simply because only a limited quantity of protein 
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can be produced. On the other hand, when one considers the 
large difference in protein contents between hard and soft 
wheats, it seems possible that there are genetic factors for 
increased protein content and, on the basis of the negative 
correlation between yield and protein content, genetical 
linkage between the two. It is believed that the negative 
relationship demonstrated to exist between yield and protein 
content should be studied more critically to determine to 
what extent this pelationshts has a physiological, and to 
what extent a genetical, basis. | 

Grant (6) suggested that the negative relationship 
between yield and protein content might be used in discard- 
ing, on the basis of protein content alone, the undesirable 
selections from a population at early stages of a breeding 
program, He felt that head-row or other material in early 
stages of testing might be analysed for protein content and, 
if the breeding objective was a low-protein-high-yielding 
wheat, only the low-protein selections retained. On the 
other hand, if a high-yielding-high=-protein wheat was 
desired a compromise would have to be made; the high-protein 
selections would have to be discarded because they, in all 
probability, would be low yielding, and the low-protein 
selections would have to be discarded because they, as such, 
would be undesirable. 


The present study gave conclusive evidence as to 
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the feasibility of using this method of elimination. Protein 
contents of head-row material cannot be used as reliable indi- 
eaten of the yielding ability of selections. Owing to the 
influence of soil variations upon the non-replicated plots 

of the head row tests, the protein contents showed varying 
degrees of accuracy when correlated with their related values 
in the yield trials, thus would show varying negative rela- 
tionships if correlated with the yields of the yield trials. 
Correlation coefficients were higher when the head-row 
material was sown at spacings of one inch than when sown at 
spacings of six or twelve inches. The best correlation 
between the protein contents at the one-inch Spacings and 
those of the yield trials was found for the wheat at Edmonton. 
However, even in this case, it was found that protein deter- 
minations from the head-row material could not be used as 
accurate estimates of the yielding ability of the hybrid lines. 
Out of the 50 hybrid lines considered, 10 were predicted as 
being low yielding and 10 as being high yielding, on the basis 
of the protein results of the one-inch spacings. When checked 
against the oe eine of the 1946 yield trials the prediction 
was right in two cases for the high yielding estimates, and 

in giz eases for the low yielding estimates. The accuracy of 
yield estimate was slightly less when the comparison was made 
between the protein contents of the head-row material in 1946 
and the same material in 1944 and 1945. The analysis of head- 


row material was slightly more efficient in estimating low- 
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yielding selections than in estimating high-yielding. In 
general, however, protein determinations of head-row material 
produced an elimination only slightly more accurate than could 
be expected from a random elimination of selections from a 
-. population. When it is considered that the accuracy of the 
protein contents used for this elimination are better than 
could usually be expected, and that head rows are usually 
sown at varying spacings, these affecting the protein con- 
tents, it will be realized that protein contents of head-row 
material cannot be used to estimate the potential yielding 
ability of hybrid material. | 

It has been mentioned that seeding rate has an 
effect on protein content. This has been shown 7 the pre- 
sent study where the spacing of plants in rows one foot apart 
was varied from one to six to twelve inches. ‘Such spacings 
would correspond approximately to seeding rates of 70, 12, 
and 6 pounds per acre. In the case of wheat and barley at 
Fallis and barley at Edmonton increased spacings, thus de- 
creased seeding rates, were accompanied by increases in pro- 
tein content. \iheat at Edmonton showed a decrease in protein 
content with increased spacing of plants. It should be 
realized, newever seks tiene widely different seeding rates of 
this study resulted in wide differences in the date of 
maturity. From a practical point of view it is realized 
that seeding rates of ix and twelve pounds per acre eeu 


impossible. However, they have served in indicating the 
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trend of protein contents with increased spacings at each 
location. Because at each location this trend in protein 
contents was apparent with the different seeding rates, it 
would seem desirable to investigate the effect of rates of 
seeding of a less extreme nature on the protein contents of 
different wheat and barley varieties. 

Since it was found that protein contents of head- 
row material could not be used to estimate the yielding 
ability of hybrid lines, it is to be expected that the protein 
contents of individual plants would io bon less reliable in 
the same respect. This was found to be the case in the pre- 
sent study. Actually there was no correlation between the 
yields and protein contents of individual plants. From this 
study there arises the problem: what amount of plant material 
is necessary and under what conditions should it be grown to 
get the most accurate determination of protein content? It 
has been shown that there is a continued improvement in the 
accuracy of the protein determination from a eis leat, 
through populations spaced twelve and six inches apart to 
material sown at a one-inch spacing. Apart from the estima- 
tion of yield from protein contents, particularly in the case 
of soft wheats where a low protein content is necessary, care- 
ful consideration will have to be given to protein content 
alone. It is known what constitutes a reliable test of yield 
for hybrid material, but little is known of the plot size and 
design required to give the most reliable comparative esti- 


mates of protein content. 
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SUMMARY 


There are three sections to this investigation. The 
purpose of the first section was to substantiate the work 
carried out by Grant, and to give continuity between his work 
and the work undertaken in the second section of this study. 
The purpose of the second section was to investigate at least 
in part the errors entering into the use of the yields and 
protein contents of early generation hybrid material as indi- 
cations of the potential yielding ability of selections. The 
third section was a study of the effects of spacing on the 
yields and protein contents of individual plants. 
| Working with 50 random selections of a Bunyip- 
Dicklow cross and 50 random selections from a Trebi-Peatland 
cross (selected from the 100 selections of each used by 
Grant) highly iignd fitemnt negative relationships between 
yield and protein content were obtained. The correlation co- 
efficients were similar to those obtained by Grant during 
1944 and 1945 working with the 100 original selections of 
each cross. The relationships also compared with that found 
for winter wheat by Berg, working with 48 selections of the 
cross (Bankuter 178 x 3922) x Aring. 

The purpose of the second section of the study was 
to determine the effect of plant spacing on yields and pro- 
tein contents, and also the effect of soil variations on the 
yields and protein contents of the non-replicated 5-foot 
rows used when working with early generation hybrid material. 


The same 50 selections of wheat and barley as used in 
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the first section were sown at spacings of one, six, and 
twelve inches in non-replicated 5-foot rows. At both Edmon- 
ton and Fallis increased spacings were accompanied by in- 
creased yields per plant. For all tests except the wheat at 
Edmonton increased spacings gave increases in protein content. 
At Edmonton with increased spacings the protein content of 
wheat showed a decrease. Correlation coefficients were cal- 
culated for the relationships between the yields and protein 
contents at the different spacings, the spacing yields, and 
the corresponding yields of the yield trials, and the spac= 
ing protein contents and those of the yield trials. These 
indicated that soil variations had less influence on yields 
and protein contents of the selections at the one-inch 
spacings than at the other spacings. On the whole, soil 
variation seemed to have as great an effect on protein con- 
tent as on yield. 

Using the results of the one-inch spacings showing 
the greatest apparent accuracy the efficiency of the use of 
yields and protein contents in eliminating the undesirable 
selections from the population was calculated. On the basis 
of a 40 percent elimination, the results obtained when using 
either yield or protein content as the criterion of elimina- 
tion were only slightly better than would have been obtained 
by a random di¥carding of the selections from the population. 


It was therefore concluded that neither yields nor protein 
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contents of early generation hybrid material can be used as 

a basis for the elimination of high-yielding-low-protein 

or low-yielding-high-protein selections from a population. 

When the yields and protein contents of single 

plants from standard varieties were studied, large variations 
in both yield and protein content were obtained within the 
varieties. The range of variations for yield was larger than 
for protein content, and for both yield and protein content 
the ranges increased in magnitude with increased spacings. 

In no case throughout the study was iHewe &@ significant rela- 
tionship found between the yields and protein contents of the 


individual plants. 
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